The present study was designed to investigate the effects of combination drugs (metformin and atorvastatin) on long-term alloxan-induced diabetes with CVD in rats. In short-term alloxan-induced diabetic rats, metformin reduced significant amount of glucose in blood, but it had no significant effect on lipid profile. Atorvastatin significantly reduced TC, TG and LDL-C, whereas it increased significant amount of HDL-C. However, pathological changes of heart were not observed after short-term induction of alloxan in rats. In longterm induction of diabetes by alloxan, LV hypertrophy was observed and cardimyocyte size in rats was increased. Atorvastatin alone and in combination with metformin significantly reduced the LV hypertrophy, cardiomyocyte size, TC, TG and LDL-C level. They increased significant amount of HDL-C level and showed significant DPPH free radical scavenging activity. Present findings may suggest that treatment with combination therapy is more effective than mono-therapy for preventing diabetes with CVD in rats.
Introduction
Diabetes is a major threat to global public health that is rapidly getting worse, and the biggest impact is on adults of working age in developing countries [1] . In most developing countries, at least one in ten deaths in adults aged 35 to 64 is attributable to diabetes, and in some the figure is as high as one in five [2] . Diabetes has become one of the major causes of premature illness and death in most countries, mainly through the increased risk of CVD (cardiovascular disease). In 2000, there were 171 million people with diabetes worldwide, and by 2030 this figure is expected to be more than double, to reach a total of 366 million [3] . Statistical projections for Bangladesh suggest that the number of diabetics will rise from 3.2 million in 2000 to 11.1 million in the year 2030 [4] .
Diabetes is usually accompanied by increased production of free radicals [5] [6] [7] or impaired antioxidant defenses [8] , and this oxidative stress ultimately leads to apoptosis or myocardial cell injury and dysfunction by alteration of gene expression and modification of cellular responses [9] . Mechanisms by which increased oxidative stress is involved in the diabetic complications are partly known, including activation of transcription factors, advanced glycated end products and protein kinase C [6] . High glucose level also promotes intracellular lipid accumulation in vascular smooth muscle cells by impairing cholesterol influx and efflux balance [10] . Hypercholesterolemia and hypertriglyceridemia are independent risk factors that alone or together can accelerate the development of atherosclerosis and progression of atherosclerotic lesions [11] [12] [13] .
At present, the treatment of diabetes mainly involves a sustained reduction in hyperglycemia by the use of drugs like biguanides, thiazolidinediones, sulfonylureas. However, due to unwanted side effects and a demand for the treatment of diabetes with CVD, the efficacies of these compounds are debatable [14, 15] . Moreover, long-term induction of diabetes without any lipid lowering drug leads to the risk of CVD. Hence, combination therapy has been suggested as a rich source of potentially useful antidiabetic and hypolipidemic drugs due to their ability to restore the function of pancreatic tissues by causing an increase insulin output, or to inhibit the intestinal absorption of glucose, or to facilitate the metabolites in insulin dependent processes [16] , and their ability to inhibit the cholesterol biosynthetic pathway by inhibiting the enzyme HMG-CoA reductase [17] . Hence, treatment with combination therapy has an effect on protecting β-cells and smoothing out fluctuation in glucose level and cholesterol biosynthetic pathway. Therefore, the present study was aimed, at providing a strong view on experimental studies in animals, to find out the most effective and commonly used hypoglycemic and lipid lowering drugs combination on long-term alloxan-induced diabetes with CVD in rats.
Materials and Methods

Animal studies
All protocols for the animal experiments were reviewed and approved by the Animal Care and Use Committee of Institute of Biological Science, University of Rajshahi. Long-Evans male rats weighing about 200-220 g, aged 2 months, were purchased from animal's house of International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDRB). Prior to commencement of the experiments, all the rats were acclimatized to the new environmental condition for a period of one week. During the experimental period, the rats were kept in a well ventilated animal house at room temperature and were supplied standard pellets from ICDDRB and fresh drinking water. All the rats were kept in cages and maintained with natural 12 hour light and dark cycle. In both protocols (two weeks for short-term and four weeks for long-term), alloxan (120 mg/kg body weight, BW) was injected i.p. in rats. Alloxan-induced rats were treated with i.p. injection of metformin (500 mg/70 kg BW) and atorvastatin (20 mg/70 kg BW) for two weeks in the combination-therapy and for four weeks in the mono-therapy with metformin alone.
Measurement of glucose level
Metformin, atorvastatin and combination of both were administered daily in alloxaninduced diabetic rats for both the protocols. After two and four weeks treatment with drugs, blood glucose level was determined two hours after last dose using glucometer (One Touch Horizon, USA).
Measurement of lipid profile
After completing the treatment of drugs, the rats were at first anesthetized with sodium phenobarbital. Then abdominal skin was cut and thoracic artery was opened. Finally 3-5 ml of blood was collected directly from thoracic artery by syringes. The blood was centrifuged at 4000 rpm for 10 minutes and the serum was obtained. Serum lipid profile such as total cholesterol (TC), triglyceride (TG), low density lipoprotein-cholesterol (LDL-C) and high density lipoprotein-cholesterol (HDL-C), was assessed using diagnostic kits (Human, Germany).
Evaluation of free radical scavenging activity
The antioxidant activity using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) was assessed as described previously [18] . The DPPH assay was performed by adding a sample (20 μl of blood plasma) plus 10 mM sodium phosphate buffer (pH 7.4) to 400 μl of 0.1 mM methanol solution of DPPH. After 30 min incubation at ambient temperature (21°C), absorbance of the samples at 517 nm was measured. As precipitate was formed in most of the plasma samples, they were centrifuged before the measurement.
Histopathological analysis
Histological studies were performed for the determination of LV (Liver) weight and cardiomyocyte cross sectional area using previously reported procedure [19, 20] . In brief, LV weight was measured, and the ratio of LV weight to body weight was calculated to determine an index of LV hypertrophy. Four sections were obtained from each heart, and mounted on slides and stained with hematoxylin and eosin. To evaluate the extent of cardiomyocyte hypertrophy, cross-sectional images of cardiomyocyte were scanned at × 400 magnifications. Approximately 20 cross-sections of cardiomyocyte were analyzed in each heart. Average values for each heart were used for analysis. All images were taken using an Olympus BX51TF (Olympus Corporation, Tokyo, Japan), and all measurements were determined using Scion Image software (Scion Corporation, Frederick, MD).
Statistical analysis
The results were expressed as mean±SEM. We used a one-way analysis of variance (ANOVA), followed by Dunnett's post-hoc test or students paired or unpaired t-test where appropriate. The statistical method applied in each analysis was described in each figure.
Results were considered to be significant when P values were less than 0.05 (P<0.05).
Results
The effects of drug alone (metformin/atorvastatin) and combination (metformin and atorvastatin) on the parameters of blood glucose level, lipid profile (TC, TG, LDL-C, HDL-C), antioxidant property and histopathology of heart (LV hypertrophy and cardiomyocyte size) were performed for both short and long-term alloxan-induced diabetes with CVD in rats.
Effects of metformin and atorvastatin on blood glucose level in short-term alloxaninduced diabetic rats
Short-term i.p. injection of alloxan in rats significantly increased blood glucose level (16 mmol/lit) when compared with normal rats (5 mmol/lit) ( Fig. 1A) . To clarify the individual effect of metformin and atorvastatin on blood glucose level, we estimated blood glucose level after two weeks treatment of metformin and atorvastatin on alloxaninduced diabetic rats. Metformin alone significantly decreased blood glucose level from 16.03±0.90 to 5.837±0.66 mmol/lit, whereas atorvastatin alone failed to reduce significant amount of blood glucose level when compared with alloxan-induced diabetic rats ( Fig.  1A) . 
Effects of metformin and atorvastatin on lipid profile in short-term alloxan-induced diabetic rats
Short-term induction of diabetes by alloxan in rats significantly altered lipid profile when compared with normal rats (Fig. 1B-E) . To make clear the individual effect of metformin and atorvastatin on lipid profile, we examined TC, TG, LDL-C and HDL-C level after two weeks treatment of metformin and atorvastatin in diabetic rats. After two weeks treatment by drugs, we found that both metformin and atorvastatin reduced TC level 7.78% and 38.64% (Fig. 1B) , TG level 8.65% and 34.98% (Fig. 1C ), and LDL-C level 7.68% and 26.02% (Fig. 1D) , whereas they increased HDL-C level 6.95% and 41.73% (Fig. 1E ), respectively when compared with diabetic rats. These results suggested that atorvastatin but not metformin acted as lipid lowering agents. We performed histological analysis in alloxan-induced rats and could not find any change of LV weight and cardiomyocyte size in diabetic rats.
Effects of combination therapy on blood glucose level in long-term alloxan-induced diabetic rats
Long-term induction of diabetes by alloxan in rats increased blood glucose level (32 mmol/lit) twice when compared with short-term induction of diabetes (16 mmol/lit) ( Fig.  1A and 2A) . To investigate the effect of mono and combination therapy on blood glucose level in long-term alloxan-induced diabetic rats, we examined blood glucose level after four weeks treatment of metformin and atorvastatin alone and combination of both in diabetic rats. After four weeks treatment, metformin alone and combination of both significantly decreased blood glucose level from 28.54±2.19 to 6.63±0.25 mmol/lit and 28.54±2.19 to 5.38±0.56 mmol/lit, respectively when compared with diabetic rats, but the effect of combination therapy on blood glucose level was higher than that of monotherapy alone. Atorvastatin failed to reduce significant amount of blood glucose level when compared with diabetic rats ( Fig. 2A) . Our results suggested that the combination therapy more effectively reduced the blood glucose level than mono-therapy in long-term alloxan-induced diabetic rats. 
Effects of combination therapy on lipid profile in long-term alloxan-induced diabetic rats
To clarify the effects of mono and combination therapy on lipid profile, we examined TC, TG, LDL-C and HDL-C level, after four weeks treatment with metformin and atorvastatin alone and combination of both in long-term alloxan-induced rats. After four weeks treatment, it was found that metformin, atorvastatin and combination of both reduced TC level 7.52%, 17.65% and 23.97% (Fig. 2B) , TG level 13%, 30.4% and 39.81% (Fig. 2C) , and LDL-C level 8.02%, 23.92% and 37.16% (Fig. 2D) , and they increased HDL-C level 5.20%, 14.58% and 21.87% ( fig. 2E ), respectively when compared with diabetic rats. In contrast, the effect of combination therapy on lipid profile was higher than that of monotherapy alone. Metformin did not show significant effect on lipid profile ( Fig. 2B-E) . These results showed that combination therapy was more effective in lipid profile than the mono-therapy in long-term aloxan-induced diabetic rats.
Effects of combination therapy on DPPH free radical scavenging activity on longterm alloxan-induced diabetic rats
The effects of metformin, atorvastatin and combination of both on DPPH free radical scavenging activity were measured in long-term alloxan-induced diabetic rats. After four weeks treatment with metformin, atorvastatin and combination of both, it was observed that DPPH radical scavenging activity was increased 39.83%, 65.65% and 76.09%, respectively when compared with normal control group (Fig. 3A) . This result revealed that the combination therapy showed better antioxidant activity than mono-therapy in long-term alloxan-induced diabetic rats. 
Effects of combination therapy on LV hypertrophy on long-term alloxan-induced diabetic rats
Induction of diabetes by alloxan for four weeks in rats significantly increased LV hypertrophy (0.00416) when compared with normal rats (0.00274) (Fig. 3B) . We examined the effect of single drug and combination of both on LV hypertrophy (LV weight/body weight) in long-term alloxn-induced diabetic rats to know whether or not the combination therapy was more effective than mono-therapy alone. After four weeks treatment, atorvastatin alone and combination therapy significantly reduced LV hypertrophy (0.00341) and (0.00310), respectively when compared with diabetic rats, and combination therapy reduced LV hypertrophy more effectively than mono-therapy ( Fig.  3B) . On the other hand, metformin alone did not significantly reduce LV hypertrophy (0.00395) when compared with diabetic rats.
Effects of combination therapy on cardiomyocyte size in long-term alloxan-induced diabetic rats
Cardiomyocyte cross sectional area was significantly increased (3775µm 2 ) in long-term alloxan-induced diabetes rats when compared with normal rats (2041µm 2 ) (Fig. 3C) . To make clear whether or not combination therapy was more effective than mono-therapy, we performed histopathological studies with four weeks treatment with metformin, atorvastatin and combination of both on diabetic rats. After four weeks treatment, atorvastatin alone and combination therapy significantly reduced cardiomyocyte cross sectional area (2860µm 2 ) and (2320µm 2 ), respectively when compared with diabetic rats (Fig. 3C ). On the other hand, metformin did not significantly reduce cardiomyocyte cross sectional area (3678µm 2 ). This result suggested that combination therapy was more effective in CVD than mono-therapy in long-term alloxan-induced diabetes rats.
Discussion
The risk of developing complications reduced substantially if diabetes can be effectively managed [21] . Diabetes, hyperlipidemia and CVD are a common debilitating illness among peoples in both developed and developing countries. Community surveys in industrialized countries have shown a prevalence of diabetes of 15-33% in people aged 30 years. The disease continues to be a leading cause of morbidity and mortality from the coronary artery disease and stroke. Simple life style adjustments, such as a healthy diet and physical activity, often combined with medication have been shown to be effective in promoting a full and healthy life with heart diseases. In many cases, type 2 diabetes mellitus accounting for over 90% of all cases of diabetes can be prevented through life style innervations alone. Though it may be true, but the maximum diabetic patient can not take care to prevent the diabetes through life style innervations. So, now a days, scientists and researchers all over the world are always engaged in research to find out new drug combination therapy and natural plant products to combat diabetes with CVD. The combination of metformin (antidiabetic drug) and atorvastatin (lipid lowering agent) may be used as an effective medicine in the treatment of diabetes and diabetes related risk factors especially CVD.
In the present study, diabetes was induced in rats by injecting alloxan (120 mg/kg BW) i.p. [22] . Alloxan is a cytotoxic agent induced diabetes in a wide variety of animal species by damaging insulin secreting β-cell, resulting in decrease of endogenous insulin release, which paved the way for the decrease utilization of glucose by the tissues. Hypercholesterolemia and hypertriglyceridemia are common complications of diabetes mellitus in addition to hyperglycemia [23] . This work has evaluated the effect of combination therapy of metformin and atorvastatin on diabetes in experimental animal of rats, and also on other important biochemical parameters, such as oxidative properties, LV hypertrophy and cardiomyocyte size which caused CVD after long-term induction of diabetes.
Effects of mono-therapy and combination therapy on blood glucose level
The present study showed that metformin produced significant decrease in blood glucose level in alloxan-induced diabetic rats. On the other hand, atorvastatin did not produce any significant change of this parameter. Our findings supported the findings of previously published reports [24, 25] . Interestingly, we observed that the combination therapy was more effective for controlling diabetes than the metformin alone in long-term alloxaninduced diabetic rats. However, further studies are needed to clarify the exact mechanism of this effect of combination therapy.
Effects of monotherapy and combination therapy on lipid profile
It was known that the factors which influence the glucose metabolism, under various physiological conditions, can influence lipid metabolism as well [26] . It had also been revealed that TG accumulation increased considerably in diabetes mellitus [27] . Hypercholesterolemia and hypertriglyceridemia had been reported to occur in diabetic [28] . A significant increase in TC, TG, and LDL-C level; and decrease in HDL-C level observed in our experiment as compared to normal rats in both protocol of diabetic rats. The serum TC, TG, LDL-C levels were significantly decreased and HDL-C level was significantly increased, after two weeks treatment with atorvastatin compared to alloxaninduced diabetic rats. We also found similar results on lipid profile after four weeks treatment with atorvastatin alone and combination therapy (metformin and atorvastatin) compared to alloxan-induced diabetic rats. Interestingly the combination therapy was more significant than atorvastatin alone. Metformin alone was lack of significance effect on lipid profile in both two and four week's studies. Our findings agreed with previously published reports [24, 25] .
Recent evidences suggested that the serum lipids were usually increased in diabetes mellitus. For the distinct lipid lowering capacity of this combination therapy, it might be proposed that the drugs of the combination therapy may act as inhibitors for enzymes, such as hydroxyl-methyl-glutaryl-CoA reductase, which participates in de novo cholesterol biosynthesis.
Effects of combination therapy on DPPH radical scavenging activity
It had been reported that hyperglycemia increased oxidative stress, and oxidative stress was responsible for the CVD [6, 10] . Free radicals can cause damage to cardinal cellular components such as lipids, proteins, and nucleic acids (e.g. DNA), leading to subsequent cell death. The damage can become more widespread due to weakened cellular antioxidant defense systems. In our study, it was observed that treatment with metformin, atorvastatin and combination therapy significantly increased DPPH radical scavenging activity in long-term alloxan-induced diabetic rats. However, combination therapy showed higher antioxidant properties than single drug alone. It had been reported that statin showed pleiotrophic effect for reducing reactive oxygen species through inhibition of Rho/Rho-kinase and Rac1 signaling pathway [29, 30] . Our study may suggest that atorvastatin together with metformin might be more effective for reducing the oxidative stress associated with diabetes and CVD in rats.
Effects of combination therapy on LV hypertrophy
It had already been reported that long-term induction of diabetes without any treatment with cholesterol lowering agent produced CVD [31] . The present study revealed that longterm induction of alloxan produed LV hypertrophy in in vivo. The fact may be due to the increased production of oxidative stress by alloxan. Recent evident revealed that cardiovascular hypertrophy was associated with enhanced oxidative stress by upregulation of endothelial NAD(P)H oxidase and endothelial dysfunction [32] . Our present data showed that atorvastatin significantly reduced LV hypertrophy and combination of atorvastatin with metformin showed higher inhibitory effect on LV hypertrophy than mono-therapy.
Effects of combination therapy on cardiomyocyte size
Statin had a pliotrophic effect for reducing cardiovascular hypertrophy in vivo through inhibition of Rac1 signaling pathway [32] . The present study demonstrated that long-term induction of alloxan increased cardiomyocyte size in rats. Our present findings revealed that combination of atorvastatin with metformin was more effective than atorvastatin or metformin alone for ameliorating alloxan-induced increased cardiomyocyte size in vivo. These findings suggest the therapeutic potential of the combination of a statin and an antidiabetic drug for the treatment of cardiovascular hypertrophy.
Conclusion
Alloxan-induced diabetes in rats represents well-established animal model for both types of diabetes mellitus. Increased production of high levels of oxygen free radicals had been linked to glucose oxidation and non-enzymatic glycation of proteins. Furthermore, characteristic diabetes raised LDL-C level, lowered HDL-C level and elevated TG level which contributed the development of diabetic complications (such as CVD). Our study also revealed that long term induction of diabetes by alloxan produced CVD. The present study clearly indicated that the combination therapy possessed hypoglycemic, hypolipidemic effects and antioxidant property and had the beneficial effects for reducing cardiovascular hypertrophy (LV hypertrophy and cardiomyocyte size) in vivo. Therefore the present study suggested that atorvastatin together with metformin might be effective combination drug in the treatment of diabetes with CVD. However, further study is necessary to clarify the exact mechanism of inhibitory action of combination drugs on diabetes with CVD.
